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Abstract: Using genomic DNA of Escherichia coli IM109 as a template, glgC gene was amplified by polymerase chain
reaction (PCR). The full coding sequence of this gene is 1296 bp. To get 3 mutants that amino acids changed: P295S
(VI21A, MI1511, V334D), G336D and P295S/G336D (K109R) by recombinant PCR, respectively named 295", 336 and
295/336"". The 3 mutants and the original glgC were subcloned into the prokaryotic expression vector pET-32a, and these
recombinant expression plasmids were transformed into E. coli BL21 (DE3) for effective expression. The host cells were
induced with IPTG and then identified by SDS-PAGE. A specific fused-expression product 67 kDa was detected, which was
the same as the deduced protein. In the host cells above, the biological activities of the expressed products were detected by
iodine vapor staining and glycogen content testing. The host cell transformed with the mutated gene—336 had higher gly-

cogen content, which was identical to the gene—295/336"". This confirmed that Pro295Ser could not reinforce the decrease
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of the feedback inhibition effect of the AGPase. Meanwhile, another host cell transformed with the mutated gene—295+3

showed decreased glycogen rather than the expected increasing glycogen. This might be caused by another mutation,

Val334Asp in gene—295", which might induce the change of the allosteric region of the objective protein.

Keywords: glgC; site-directed mutagenesis; recombinant pcr; prokaryotic expression; functional analysis
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1
1.1

1.1.1 AL EAK

Escherichia coli JM109 (F'traD36 proAB+ laclq
lacZAM15/recAl endAl gyrA96 thi hsdR17 supE44
relA1A(lac-proAB) mcrA) E. coli BL21(DE3) ( F-,

ompT, hsdSB (rB-mB-) , gal (A c 1857 indl Sam?7
nin5, lacUV5-T7genel) dem)
pET-32a , pMDI18-T

«C )
112 T A8, XA

Ex-Taqg DNA T4 DNA
C ) ,
Fermentas ; DNA
OMEGA-BIO-TEX
113 EBHRA
Kornberg

: 1.1% K,HPO,, 0.85% KH,PO,, 0.6% ,
1% , 1.5% ;

M9 : 4 mmol/L NaCl, 9 mmol/L
NH,Cl, 0.1 mmol/L CaCl,, 2 mmol/L MgSO,, 48
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mmol/L Na,HPO, 22 mmol/L KH2P04[E1 DNA, S P1 P2
. . 25 uL PCR .
1.2 Ex-Tag DNA PCR
1 PCR 1%
1.2.1 3l4pik
d : 13 kb :
GenBank AP009048.1 pMDI18-T ,
P1/P2, glgC E. coli JM109,
P295S S “€29577, 883 C Invi
5 nvitrogen R
T( CCG-TCG); G336D R 33677, pMD-glgC
1 007 G A(GGC-GAC); 295 123 PCR EAMES T
336 <€295/33677 - AR
883 1007 , [;CR PCR
2 P3/P4  P5/P6 : . pMD-glgC ;
Pl: 5 ZGCGATATCACCATGGTTAGTTTAGAG- 4 ;2
AAGAACGA-3 T 2 ;
P2: 5 “CCGCTCGAGGTCGACTTATCGCTCC- > 3
TGTTTATG-3 7 50 1 pL ., PL P2
P3: 5 ZCTGTGGTGTCGGAACTGGATATGTA- PCR ;
ca3 295 336 295/336 PCR
P4: 5 “TACATATCCAGTTCCGACACCACAG- 1 i > i
AG-3; , Invitrogen ,
P5: 5 “ACTCACTAGTTTCCGACGGTTGTGT- pMD—295+3 pMD-336
G-37 pMD-295/336"",
P6: 5 “GAGATCACACAACCGTCGGAAACT- 124 BAZEAFEGME
AG -3 Nco Xho (pMD-glgC
1.2.2 glgC AR 9 L% pMD-295 pMD-336 pMD-295/336)
[16, 17] E. coli IM109 pET-32a , Fermentas
F1 RTEFAWE-PCREHAER
Table 1 Construction of mutated genes—PCR recombination
: PCR : PCR
Step 1: getting short fragments by PCR ampilification Step 2: getting long fragments by recombinant pcr
PCR PCR
Short fragments Gene position Primers PCR program Long fragments Tergﬁl;?rsand PCR program
glg295-F 1~900 P1/ P4 94 ,3min - 30 glg295 glg295-F, 94 3min - 10
glg295-R 873~1296 P3/ P2 cycles: 94 45s; 9lg295-R cycles: 94 ,45s;

58 ,45s;72 ,5s 58 ,45s;72 ,90s
glg336-F 1~1022 P1/P6 _72 .10 min glg336 g:gggzg _ 7. 10min
glg336-R 992~1296 P5/ P2

glg295/336 glg336-F,
glg295-R
1 glg295-F glg295-R: glg295 295 glg336-F glg336-R: glg336 336 ;
glg295: 295 Pro Ser glgC ; 0lg336: 336 Gly Asp  glgC glg295/336: 295 336
Pro Gly Ser Asp glgC

Notes: glg295-F, glg295-R: coding sequence before

behind the 295™ amino acid of gene—glgC; glg336-F, glg336-R: coding sequence be-

fore behind the 336" amino acid of gene—glgC; glg295: the mutated glgC—Pro295Ser; glg336: the mutated glgC—Gly336Asp; glg295/336:

the mutated glgC—Pro295Ser/Gly336Asp.



10 : glgC 1375
pET-32a pET-2951, pET-336, pET-295/336 220 r/min, 37
301 , 37 3 4h, EP ,24 h 6~7 ,
65 20 min, 2 SmL, s 3 mL H,0
1/10 , 75% , 1 mL , Bradford
ddH,0, 10 puL ) 1.5 uL 10xT4 DNA [20.21] 2 mL
0.3 uL 350 U/uL T4 DNA 3.2 , pH 4.5 2 mL
uL ddH,0, 16 , 100 15 min, 2 mL
IM109, , 2% Qg 100 mL pH
pET-glgC(WT) pET-295 pET-336 pET-295/ 4.5 , 100
336 000 U/g), 55 l1h 1 mL
. 20, 21 .
12.5 F14F 4935 $ Kk A SDS-PAGE w3k 547 ~ Y
pET-glgC  pET-295  pET-336 nmol, Bradford X mg,
pET-295/336  pET-32a( ) ’
: 0.5x<Y/
BL21(DE3), DNA,
PCR .50 X(nmol/mg )
mL LB( 50 pg/mL ) , 1:100 2
, 220 r/min, 37
OD400=0.5, I mmolL IPTG, 37 21 49loC
3h, 1mL 13000 r/min 2 min, PCR (1), glgC
500 uLpH 7.5 PBS , 100 puL 58~60°C  Sacl  Xhol
SDS-PAGE, , PCR DNA
, SDS-PAGE « 2), pMD-glgC
, 10%, 2% : glgC 1296 bp
1.2.6 A& M8 4 40 578 B AT DNAman ’
99.85 % 99.77%
(1) osl, 50 pg/mL ° ’
2 , 371 G A,
Kornberg )
,975 T C, 124 Asn
37 24h, 3mL (0.01 mol/L 1, 0.03 S
er.
mol/L KI , ’ ’
) . AGPase 23]
, 23 min )
2.2
(2) EP 122; 24 h ( 2 :glg295
ODs00 ) 1.5 mL
Kornberg 24 h , , %*E%
500 uL ddH,O , ODygo 1.58
’ Ep 1.37
0.94
EP 200 pL R 0.83
1~2 min,
e as 1 glgC EEH PCR ¥ 18
1.2.7 &0 4948 R M Z M: A/ Hind -EcoRI 1T 52, 54, 56, 58, 60, 62,
50 mL( 50 pg/mL ) M9 04  PCR glgC
. Fig. 1 PCR amplification of glgC gene
> 150 BL21 M: AM/Hind -EcoRI markers; 1~7: glgC cloned by PCR at 52, 54,
(DE3), : pET-32a, pET-glgC, 56, 58, 60, 62, 64 , respectively.
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T362C G456A C883T TI001A,

VI121A MI511 P295S V334D 295
R 3 , 121 151
R 121 151
AGPase 334
Val Asp, AGPase
glg336 GI1007A,
G336D, glg295/336
A326G C883T GI007A,
S 35 & ==
2 PMD-glgC FRAiRY ik KBS £ 2 KI09R P295S G336D, 109
M: A/Hind -EcoRI ; 1: pMD-glgC ;2:Neco  / Xho
Fig. 2 Electrophoresis and enzyme digestion of pMD-glgC : glg336 , 0lg295/336, glg295 ,
plasmid 43
M: A/Hind -EcoR markers; 1: Recombinant plasmid pMD-glgC; 9lg295  glg295/336 9lg295
2: digestion by Nco and Xho . g|g295/336”,
2
Table 2 Sequence of site- directed mutant genes
Mutated sequences
Nucleotide site Type and isoelectric point of amino acid Location of amino acid
glgc 2957 336 295/3367"
326 A G Lys-Arg; 9.74 10.76 109
362 T C Val-Ala; 5.96 6.00 121
456 G A Met-lle; 5.74 5.98 151
883 C T T Pro-Ser; 6.30 5.68 295
1001 T A Val-Asp; 5.96 2.77 334
1007 G A A Gly-Asp; 5.97 2.77 336
12957 295 glgC 3360 336 glgC :295/336™: 295 336
glgC ; glgC: glgC

Notes: 295" The glgC mutated at the point 295" amino acid; 336: The glgC mutated at the point 336™ amino acid; 295/336"": The glgC
mutated both at the point 295" and 336" amino acid; glgC: The unmutated glgC.

2.3 SDS-PAGE ;25 ,
4 : : glgC glg336  glg295/
+1 .
pET-glgC(WT), pET-295"%, pET-336, pET-295/336" 336 ;
DNA 13 kb glg295”  NC
SDS-PAGE ( 3 .

1 2 3 4 5 6 7 8 9  BSA

4 BL21(DE3) 67 kDa
N- ’ 54 67 kDa
kDa, GlgC ,
» 4 glgC 3 REHFEESFIEM SDS-PAGE Bk 4
SDS-PAGE | 3 5 7 PTG 5 24 6 & 51 2pETlgC3
4: pET-295""; 5 6: pET-336;7 8: pET-295/336 ; 9: pET-32a; BSA: 67
’ kDa
2.4 Fig. 3 Analysis of electrophoresis for expressions induced

by mutated genes

1,3,5,7,9: Induced by IPTG; 2, 4, 6, 8: Not induced by IPTG; 1, 2:

pET-glgC; 2, 4: pET-295"%; 5, 6: pET-336; 7, 8: pET-295/336""; 9:
, 4 1 3 4 s pET-32a; BSA: 67 kDa bovine serum albumin, as a control.
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Fig. 4 Detection of biological activity by lodine-Plate dye-

Ing Bl 6 RELEHEENERS

. .. 3. 7. -4 +1.

;3 gg:glzic’ 2: pET-glg295+; 3: pET-glg336; 4: pET-0lg295/336 ™5 30 '6 Analysis and determination of glycogen content

EP AGPase ,
.5 PCR 3 . glg295™?
423 2 3225 glg336  glg295/336"";

> >

1 2 3 4 5

5 EP BHERNEYE TN : pET-322
1: pET-glgC; 2: pET-295"; 3: pET-336; 4: pET-295/336""; 5: pET-32a, gIgZ95+3
Fig. 5 Detection of biological activity by EP iodine dyeing BL21 9lgC
1: pET-glgC; 2: pET-2957; 3: pET-336; 4: pET-295/3367"; , AGPase
5: pET-32a, as a negative control. AGPase
[12]
2:5 P295S
24 h ,
6 ; glg295™ , 3
3 :glg336  glg295/336"  , WT( (VI21A MI511 V334 D) , 344
) , 9lg2957  NC( ) glg336 AGPase
24 h ) : P295S
) GlgC >
, 91g295/336"" glg336 i
glg2957  0.5~10 h NC , glg336
5 glg336
AGPase 5
3 7, 8
GenBank . Escherichia coli  glg295/336™"  glg336

IM109 glgC 1296 bp , glg295/336"" K109R

, 295 336 , 109

AGPase ) GlgC , P295S
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